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Lie symmetry groupAbstract The temperament of stream characteristic, heat and mass transfer of MHD forced con-
vective flow over a linearly expanding porous medium has been scrutinized in the progress explo-
ration. The germane possessions of the liquid like viscosity along with thermal conductivity are
believed to be variable in nature, directly influenced by the temperature of flow. As soon as gaining
the system of leading equations of the stream, Lie symmetric group transformations have been
employed to come across the fitting parallel conversions to alter the central PDEs into a suit of
ODEs. The renovated system of ODE with appropriate boundary conditions is numerically solved
with the assistance of illustrative software MAPLE 17. The consequences of the relevant factors of
the system have been exemplified through charts and graphs. An analogous qualified survey has
been prepared among present inquiry and subsisting reads and achieved an admirable accord
between them. The variable viscosity parameter has more significant effect on nanofluid velocity
than regular fluid and temporal profile as well as nanoparticle concentration is also influenced with
variable viscosity.
 2016 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The MHD Nano liquid flow induced by an elongating surface
has attracted the concentration of countless intellectuals owing
to its noticeably eminent significance in the fabrication of
sheeting material of both metal and polymer sheets, extendingof optical fiber. Following the pioneering effort of Sakiadis [1],
Crane [2] inspected the stable incompressible Newtonian liquid
surge over an elongating sheet. Further, Weidman and Mag-
yari [3] have explored assorted flow challenges over an extend-
ing sheet under diverse borderline conditions. Noghrehabadi
et al. [4] argued the flow of thermal energy within nanofluids
induced by extending sheet with partial slip border conditions.
Influence of Magnetic force over a Nano liquid stream induced
by extending plane nonlinearly is perceived by Sk et al. [5].
When thermal energy and mass are surged concurrently in a
moving gush, the associations between the fluxes and the
dynamic potentials are noteworthy. So the thermal energy fluxloration,
Nomenclature
u, v velocity components along x, y-axis
vw suction/injection velocity
T temperature variable
C nanoparticle volumetric fraction
cp specific heat at constant pressure
Pr Prandtl number
DT thermophoretic diffusion coefficient
Shr local Sherwood number
U free stream velocity of the flow
Nur local Nusselt number
fw suction/injection parameter
M magnetic field parameter
Rex local Reynold’s number
Nt thermophoresis parameter
Nb Brownian motion parameter
B0 magnetic field flux
Cfr local skin friction coefficient
K permeability parameter of porous medium
Greek symbols
s ratio between effective heat capacity of the
nanoparticle and the fluid
u dimensionless nanoparticle concentration
r electrical conductivity
m kinematic viscosity
w stream function
g similarity variable
e thermal conductivity parameter
hr variable viscosity parameter
Subscript
0 differentiation with respect to g
1 condition far away from the plate
w condition on the sheet
2 K. Das et al.is able to be produced by temperature gradients in addition to
concentration gradients as well. Alam et al. [6] explored the
upshot of Soret and Dufour impression on trembling MHD
mass transfer course past a vertical permeable plane in a per-
meable medium. Layek et al. [7] deliberate the stagnation point
stream flowing over a hot widening plate entrenched in a por-
ous medium and conferred the flow of thermal energy and
mass toward. An inconstant course induced by a porous draw-
ing out surface with prescribed fence temperature has been
measured by Ishak et al. [8]. Hamad [9] acquired analytical res-
olution of free convection stream over an enlarging sheet with
the influence of outer magnetic flux. Elbashbeshy et al. [10]
equipped a precise solution of boundary layer nanofluid course
flowing with magnetic influence and suction or injection factor.
Nanofluid stream along with gyrotactic microorganisms is
investigated and several slip effects on the course have been
discussed by Sk et al. [11]. Zeeshan et al. [12] considered a non-
linearly enlarging surface to explore the flow property and heat
transmission of viscous Ferro-fluid in application of magnetic
dipole. Many researchers show interests in nanoparticle to
enhance the heat transfer capacity of the fluid to meet the
energy efficient eco-friendly planet. For this purpose scholars
like Ellahi et al. [13] investigated the influence of various
shapes of Cu nanoparticle on enhancement of heat transmis-
sion capacity and thermal conductivity of water. Also Ellahi
et al. [14] analyzed natural convection of single and multi-
walled carbon nanotubes in salt water nanofluid. Sk et al.
[15] use TiO2 as nanoparticle in water and kerosene nanofluid
to get more efficient heat movement vehicle.
Most of the mentioned efforts are accomplished consider-
ing the fluid possessions independent on time, flow tempera-
ture, etc. But the substantial belongings of the liquids may
amend drastically with temperature, pressure or distance. In
case of lubricating solutions, mount in heat attributable to
the internal resistance concerns the liquid viscosity and accord-
ingly it cannot be treated as invariable. Amplifying of the drift
temperature escorts to a local enlargement in the convey inci-Please cite this article in press as: K. Das et al., Steady nanofluid flow with variab
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and so the heat relocation pace at the wall is also distressed
greatly. In industrialized construction systems, liquids fre-
quently endure tremendous circumstances such as soaring tem-
perature, incredible pressure, towering shear rates and external
heating and each of these aspects may guide to uneven fluid
assets. The participation of irregular liquid property must bear
in mind for scrutinizing nanofluid stream further more pre-
cisely and accurate estimation of transmission of thermal
energy and mass. Researchers such as Batchelor [16], Ling
and Dybbs [17], Chiam [18], Mukhopadhyay et al. [19], Myers
et al. [20], had provided evidenced in their exertion that the
thermal conductivity and viscosity are for the most part recep-
tive to thermal ascending. Prasad et al. [21] examined the con-
sequences of viscosity and thermal conductivity reliant on
temperature on heat and mass relocation surge over a nonlin-
early elongated sheet. Das [22] thrashed out the encourage-
ment of variable fluid assets on micro polar fluid stream with
accompany of thermophoresis effect and chemical reaction.
Mukhopadhyay [23] implemented Batchelor’s model [16] of
fluid viscosity reliant on temperature to scrutinize the influence
of thermal energy emission on heat reassign alongside a sym-
metric wedge. Recently, Animasaun [24] deliberated the conse-
quences of uneven fluid belongings on free convective Casson
liquid current. Intellectuals such as Sheikholeslami and Ellahi
[25], and Akbar et al. [26] investigated the effect of magnetic
force field on the nanofluid embedded in various media.
Rashidi et al. [27] studied transverse magnetic field over a fluid
flow with diamond shaped porous obstacle. Kandelousi and
Ellahi [28] applied non-constant magnetic field to study the
effect on Ferro nanofluid in a vessel as drug transport vehicle
using lattice Boltzmann method.
The symmetries of differential equations, which arise fre-
quently in Lie group analysis, are the suite of alterations for
which partial differential equations become ordinary differen-
tial equations but the solutions linger unaffected [29–31]. The
scheme is extensively employed in nonlinear dynamical struc-le fluid possessions over a linearly extending surface: A Lie group exploration,
Steady nanofluid flow with variable fluid possessions 3ture, especially in the range of deterministic chaos. It trims
down the quantity of variables that dominate the partial differ-
ential equations and consequently revolutionize it to ordinary
differential equations. The Lie group technique has been uti-
lized by numerous scholars such as Kandasamy et al. [32],
Yurusoy et al. [33], and Hamad and Ferdows [34]. to inspect
a variety of surge systems in chemical engineering, fluid
mechanics, aerodynamics, plasma physics and many more.
To the author’s acquaintance no investigations have thus
far been communicated with regard to nanofluid flow with
variable fluid properties on top of a leaky extending sheet.
The intention of current article is therefore to widen the exer-
tion of [34] by deliberating stable boundary layer nanofluid
flow with changeable viscosity and thermal conductivity over
a permeable extending surface in company of external trans-
verse magnetic force.
2. Flow analysis
2.1. Convective transport model
In the existing effort, we pay attention about the steady free
convective boundary layer flow of a viscous incompressible
electrically conducting nanofluid over a penetrable extending
flat surface in occurrence with exterior transverse magnetic
field of amount B0 applied parallel to y-axis. Here x and y axes
are occupied along and perpendicular to the sheet respectively
as displayed in Fig. 1 and movement is anticipated to be
restrained in yP 0. The Reynolds number generated by
applied magnetics force of the drift is expected to be insignifi-
cant enough to overlook the induced magnetic field compared
to applied magnetic field. The velocity of the exterior stream is
U(x) = ax and the velocity of the distending sheet is uw = bx,
where a and b are positive constants and both of them have the
dimension ðtimeÞ1. The temperature of the spreading out
sheet is Tw and that of ambient nanofluid is T1. The pressure
gradient, body force, the influence of viscous dissipation and
Joule heat are deserted as the liquid is finitely conducting. Suc-
tion or injection is executed in the pervious sheet. The viscosity
and thermal conductivity of the liquid are presumed as the
functions of temperature. The species dilution at y= 0 is Cw
and ambient fluid dilution is C1.
Beneath the boundary layer estimation, the prevailing
equations that designate the physical circumstances of the
stream can be transcribed as [7,34]:Figure 1 Flow configuration and coordinate system.
Please cite this article in press as: K. Das et al., Steady nanofluid flow with variabl
Alexandria Eng. J. (2016), http://dx.doi.org/10.1016/j.aej.2016.11.015@u
@x
þ @v
@y
¼ 0 ð1Þ
u
@u
@x
þ v @u
@y
¼ UdU
dx
þ 1
q
@
@y
l
@u
@y
 
 m
k
ðuUÞ  rB
2
0
q
ðuUÞ
ð2Þ
u
@T
@x
þ v @T
@y
¼ 1
qcp
@
@y
j
@T
@y
 
þ s DB @C
@y
 @T
@y
þ DT
T1
@T
@y
 2( )
ð3Þ
u
@C
@x
þ v @C
@y
¼ DB @
2C
@y2
þ DT
T1
@2T
@y2
ð4Þ
At this juncture u and v are the velocity constituents along x
and y axes correspondingly, r signifies the electrical conductiv-
ity, m characterizes the kinematic viscosity of nanofluid, k sym-
bolizes the permeability of the porous medium, cp corresponds
to specific heat at uniform pressure p, s ¼ ðqcÞpðqcÞf acts for the quo-
tient of the effective heat capacity of the nanoparticle and the
base fluid, j symbolizes the thermal conductivity of the fluid,
DB be the Brownian diffusion coefficient, and DT corresponds
to the constant of thermophoretic influence.
The appropriate boundary conditions for the present prob-
lem are
u ¼ uw; v ¼ vw; T ¼ Tw; C ¼ Cw at y ¼ 0
u! U; T! T1; C! C1 as y!1

ð5Þ2.2. Introduction of dimensionless variables
To guesstimate movement and heat allocation frequency more
precisely, Ling and Dybbs [17] announced a temperature
dependent viscosity of the arrangement
1
l
¼ 1
l1
f1þ cðT T1Þg ð6Þ
Here c is the thermal possessions of the nanofluid, T1 is the
temperature of the nanofluid exterior to the boundary layer
and l1 is the dynamic viscosity at ambient temperature. Eq.
(6) can also be engraved as
1
l
¼ AðT TrÞ ð7Þ
Here A ¼ cl1 and Tr ¼ T1  1c. Also according to Chiam
[18], we follow the model for variable thermal conductivity as
j ¼ j1 1þ e  T T1
Tw  T1
 
ð8Þ
Here e is the thermal conductivity factor.
Let us introduce the following dimensionless variables to
transform Eqs. (1)–(4) into a dimensionless form:
x0 ¼ xﬃﬃﬃﬃm1
b
p ; y0 ¼ yﬃﬃﬃﬃm1
b
p ; u0 ¼ uﬃﬃﬃﬃﬃﬃﬃﬃ
m1b
p ; v0 ¼ vﬃﬃﬃﬃﬃﬃﬃﬃ
m1b
p ;
U0 ¼ Uﬃﬃﬃﬃﬃﬃﬃﬃ
m1b
p ; h ¼ T T1
Tw  T1 ; / ¼
C C1
Cw  C1 ð9Þ
Here m1 ¼ l1q is the kinematic viscosity of the ambient fluid.
Then the dimensionless temperature h can be printed ase fluid possessions over a linearly extending surface: A Lie group exploration,
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Tw  T1 þ hr ð10Þ
Here hr ¼ TrT1TwT1. Using Eq. (10), one may obtain from Eq.
(7)
l ¼ l1
hr
hr  h
 
ð11Þ
from Eq. (8), we get
j ¼ j1ð1þ ehÞ ð12Þ
Thus, the dimensionless form of the governing Eqs. (1)–(4)
are as follows:
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Here M2 ¼ rB20qb is the magnetic parameter, K ¼ m1bk is the perme-
ability parameter of the porous medium, Pr1 ¼ l1cpj1 is the
ambient Prandtl number, Nb ¼ sDBðCwC1Þm1 is the Brownian
motion parameter, Nt ¼ sDTðTwT1Þm1T1 is the thermophoresis
parameter, and Le ¼ m1
DB
¼ sðCwC1Þ
Nb
is the Lewis number.
Also the stream function w defined by u0 ¼ @w
@y0 and v
0 ¼  @w
@x0
automatically satisfies Eq. (13) transforms Eqs. (14)–(16) in the
following form:
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and the boundary conditions (5) as
@w
@y0 ¼ x0;  @w@x0 ¼ fw; h ¼ 1; / ¼ 1 at y0 ¼ 0
@w
@y0 ! ax
0
b
; h ! 0; /! 0 as y0 ! 1
)
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To solve Eqs. (17)–(19) we shall adopt the classical Lie group
approach. The scaling group transformations of the above
equations are defined by the following group C:
C : x ¼ x0eda1 ; y ¼ y0eda2 ; w ¼ weda3 ; h ¼ heda4 ;
/ ¼ /eda5 ð21Þ
Here d ð–0Þ is the group parameter and a’s are the real
numbers. The transformations in (21) may be treated as a
point-transformation which transforms coordinates
ðx0; y0;w; h;/Þ to ðx; y;w; h;/Þ. Our task is to determine
the values of a’s so that Eqs. (17)–(19) along with the boundary
conditions (20) remain invariant. For that, substituting (21) in
(17) we get
edða1þ2a22a3Þ
@w
@y
@2w
@x@y
 @w

@x
@2w
@y2
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 
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b
Now comparing various exponential terms we get the fol-
lowing relations:
a1 þ 2a2  2a3 ¼ a1 ¼ 3a2  a3  a4 ¼ 3a2  a3 ¼ a2  a3:
Solving above equations one may obtain
a1 ¼ a3; a2 ¼ a4 ¼ 0:
Similarly substituting (21) in (19) and comparing various
exponents, we have
a5 ¼ 0
Therefore, the groups of transformations are
C : x ¼ x0eda1 ; y ¼ y0; w ¼ weda3 ; h ¼ h; / ¼ /
These relations lead to the following characteristic equa-
tions for similarity:
dx0
x0
¼ dy
0
0
¼ dw
w
¼ dh
0
¼ d/
0
from which one may obtain
g ¼ y0; w ¼ x0fðgÞ; h ¼ hðgÞ; / ¼ /ðgÞ ð22Þ
Substituting (22) in Eqs. (17)–(19) and the boundary condi-
tions (20), we get
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dg
þ Nt
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df
dg
	 

g¼0
¼ 1; fð0Þ ¼ fw; hð0Þ ¼ 1; /ð0Þ ¼ 1;
df
dg ! ab ; h ! 0; / ! 0 as g !1
9=
; ð26Þ
Here fw ¼ vwU0 is the suction/injection factor of the movement.
In virtue of (10) and (11), we have
Pr1 ¼ l1cpj1 ¼ Pr 1
h
hr
 
ð1þ ehÞ ð27Þ
Here Pr ¼ lcpj represents the variable Prandtl number. Thus
Eq. (23) turns into
ð1þ ehÞ d
2h
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þ e dh
dg
 2
þ Pr 1 h
hr
 
ð1þ ehÞ f dh
dg
þNbdh
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d/
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þNt dh
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 2( )
¼ 0
ð28Þ2.4. Quantities of engineering interests
The parameters of main physical attention in the existing
paper are the local skin friction coefficient, the Nusselt number
and the Sherwood number which can be demarcated respec-
tively as follows:
Cf ¼ 2Re1=2x hrhrhð0Þ
h i
d2f
dg2
	 

g¼0
Nu ¼ Re1=2x ½1þ ehð0Þ dhdg
	 

g¼0
Sh ¼ Re1=2x d/dg
	 

g¼0
9>>>=
>>>;
ð29Þ
Here Rex ¼ x0U0mf represents the local Reynolds number. Thus
the abridged skin friction coefficient, abridged Nusselt number
Nur and the abridged Sherwood number Shr can be tran-
scribed respectively as
Cf ¼ 12Re1=2x Cf ¼ hrhrhð0Þ
h i
d2f
dg2
	 

g¼0
Nur ¼ Re1=2x Nu ¼  1þ ehð0Þf g dhdg
	 

g¼0
Shr ¼ Re1=2x Sh ¼  d/dg
	 

g¼0
9>>>=
>>>;
ð30ÞTable 1 Comparison of f00ð0Þ for different values of perme-
ability parameter K.
K Layek et al. [7] Hamad and Ferdows [34] Present paper
0.0 1.9991 1.999071 1.99902
0.1 2.0101 2.010212 2.01020
0.5 2.1102 2.110212 2.11022
1.0 2.3905 2.390182 2.39021
1.5 2.7201 2.720112 2.720122.5. Correlation coefficient exploration between germane factors
and the flow parameters
From numerically generated suit of values of several pertinent
physical quantities as presented in Tables 3–6, we acquire the
correlation coefficients [11] and prescribe in Table 2. It is
detected in that table that all the physical quantities of the flow
system are substantially related to hr, e, Le, Nb, Nt as the val-
ues of correlation coefficients (r) are very close to either +1 or
1. We also noticed that hr and e are positively related to
reduced wall friction, Nur and Shr, which implies that with
the escalation in values of hr and e, all the measures of physicalPlease cite this article in press as: K. Das et al., Steady nanofluid flow with variabl
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with Le, Nb and Nt consequently, and Shr is negatively corre-
lated with Nt only. This enquiry assistances us to project the
positive or negative effect of the various factors of the flow
on the wall friction, heat transmission and mass flow of the
structure.
3. Numerical method and code verification
The suite of Eqs. (22), (24) and (27) along with the boundary
conditions (25) is resolved numerically as it is reasonably chal-
lenging to work out it analytically by reason of their nonlinear-
ity. We utilize symbolic software MAPLE 17 to unravel the
above equations, where Runge-Kutta Gill 4th order procedure
accompanied by shooting pattern and quadratic interpolation
performance is employed. The intention of approving this
scheme is that, it lessens the round off error and the algorithms
are vastly popular in fourth order methods. The inner iteration
is recapped up to the convergence of the solution with a con-
vergence criterion of 106 in all cases is achieved.
To ensure the authenticity of the existent code, the assorted
values of f00ð0Þ are attained in Table 1 for numerous values of
permeability factor K while M= Nt= Le= e= 0,
Pr= 0.05, Nb! 0, hr !1. The upshots are matched with
those of Layek et al. [7] and Hamad and Ferdows [34] and
established a brilliant agreement. So, it defends the use of
the existing numerical code for present paper.
4. Numerical results and discussion
To acquire the physical efficacy of the extant paper, in this seg-
ment we confer the consequences of several controlling factors
on relocation qualities of mass and thermal energy. The veloc-
ity function f0, temperature function h and concentration func-
tion / are outlined against g for numerous values of germane
parameters for both the nanofluid and common fluid. The con-
ventional values of the parameters are occupied hr = 2,
Le= 5, e= 0.2, M= 0.5, K= 0.5, Pr= 7.0, fw = 0.5,
Nb= 0.1, Nt= 0.2, a
b
¼ 2 unless otherwise detailed. It should
be documented that we have reflected only negative values of
hr as our study is associated with nanofluid only.
4.1. Influence of capricious viscosity factor hr
The consequence of hr on velocity scattering of the course is
revealed in Fig. 2. It has been perceived in the inspection that
velocity is further shaped by the variation in the values of hr
rather than the regular fluid. The velocity appears to be aug-
mented in the boundary layer province with the growing ofe fluid possessions over a linearly extending surface: A Lie group exploration,
Table 2 Correlation coefficients between flow parameters and
the factors of physical interest.
r Cf Nur Shr
hr 0.630858 0.578548 0.717975
e 0.979501 0.987604 0.988576
Nt 0.999862 0.99802 0.98476
Le 0.977248 0.99317 0.999299
Nb 0.999407 0.99403 0.956147
Figure 2 Velocity profiles for various values of hr.
Figure 3 Temperature profiles for various values of hr.
Figure 4 Concentration profiles for various values of hr.
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for slighter viscosity parameter hr as lesser value of hr specifies
the advanced temperature metamorphosis between the fence
and the ambient fluid. But the influence is trifling for greater
values of hr as either Tw  T1 or d is tending to zero and hence
can be abandoned. So viscosity can be embraced to be con-
stant. Similarly Fig. 3 reveals that temperature of the liquid
is declined with shrinking in hr. The inspiration is perceptible
only inside the boundary layer section. On the other hand tem-
perature of the regular fluid is far fewer than that of the nano-
fluid and the influence of hr on the regular fluid is inverted as
associated with the nanofluid. We discerned from Fig. 4 that
the concentration of nanofluid is remarkably lessened with hr
at slight value of hr and the result is prominent within the
boundary layer division of the plate but the upshot is paltry
for the higher absolute values of hr as viscosity can be treated
as constant for higher hr ! 1. At the same time, in case of
regular fluid, the fluid concentration does not change so much
with the change of hr. Table 3 portrays the upshot of flexible hr
on the Cf , Nur and Shr. It is witnessed from the table that as
the absolute value hr surges the absolute value of C

f and Shr
both intensify. Then again, the consequence is contrasting
for Nur.
4.2. Influence of thermal conductivity factors e
It has been witnessed from open literature that the ranges of
thermal conductivity parameter are different for different liq-
uids, for example 1 6 e 6 0 in case of lubricating oil,
0 6 e 6 1:2 for water, 0 6 e 6 6 for gas. In the existing article,
as we consider the water as base fluid, the values of e are taken
within the range of 0 and 1.2. In Fig. 5, we scrutinize the con-
sequences of e on the velocity distribution of nanofluid and
regular fluid. It is detected that the velocity of nanofluid
upturns slightly with increasing the values of e but the effect
is not prominent for regular fluid. Fig. 6 portrays the influ-le fluid possessions over a linearly extending surface: A Lie group exploration,
Figure 6 Temperature profiles for various values of e.
Steady nanofluid flow with variable fluid possessions 7ences of e on the temperature distribution. From Fig. 6, we
grasp that the nanofluid temperature declines as e escalates
within the boundary layer region, for g< 0.5 whereas con-
trary influence arises for 0.5 < g< 1.0. Oppositely, the influ-
ence is inconsequential for g> 1.5. One may reminder that
the consequence is not protuberant for regular fluid. The
impression of e on concentration of nanofluid is illustrated in
Fig. 7 and observed that the concentration of the nanofluid
is increased remarkably with the increased value of e at some
certain region within the boundary layer (for g< 0.5). Outside
the boundary layer, for g> 0.5, the consequence is over-
turned. One interesting observation is that in case of regular
fluid e have no effect on the concentration of fluid. From
Table 3 it has been observed that with the increased value of
e it leads to declining drag force between wall and fluid, while
Nur and Shr both intensify with growth in e. Thus e inflicts
additional velocity of the flow within the boundary layer
region.
4.3. Influence of Lewis Number Le
The stimuli of Le on the thickness distribution are exposed in
Fig. 8. It describes that nanofluid concentration distribution
initially increased within the boundary layer and reaches its
peak value near the boundary surface of the plate for smaller
values of Le. After that nanofluid concentration decreases con-
tinuously outside the boundary layer. When Le increases the
nanofluid concentration decreases and the rate of decrement
is higher than for smaller values of Le. Also for higher values
of Le the concentration of nanofluid decreases continuously
within the boundary layer region. The concentration of regular
fluid decreases with the increased value of Le. It has been
observed that the rate of decrement is less than that of the
nanofluid. The influence of Le on the Cf , Nur and Shr is pre-
sented in tabular form in Table 4. An increase in the values ofFigure 5 Velocity profiles for various values of e.
Figure 7 Concentration profiles for various values of e.
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It is seen that the absolute value of the concentration gradient
at the surface is higher for higher values Le and so the amount
of Shr from the surface enhances rapidly due to the presence of
Le. On the other hand reverse effect occurs for Nur. We also
observe in that table that while we consider the fluid assets
such as thermal conductivity and viscosity, to be invariant of
heat and pressure, a certain percentage of error occur in our
calculations. We measure up that error in several cases and
observe that error in drag force estimation occurs up to
13%. In case of thermal energy transmission it happens up
to 28.41–24.52%. But in case of mass transmission at lower
Le the error occurs almost 59%.e fluid possessions over a linearly extending surface: A Lie group exploration,
Table 3 Effect of hr and e on C

f , Nur, Shr.
hr e C

f Nur Shr
1 1.014539 3.437854 3.408324
2 1.145713 3.226910 3.421711
5 1.263450 3.063658 3.439056
10 1.313399 3.007605 3.445427
1 1.364679 2.956397 3.451456
0.0 1.147154 1.970543 3.490023
0.3 1.145135 2.106702 3.490547
0.6 1.143785 2.542193 3.492253
0.9 1.142821 2.976652 3.493381
1.2 1.142099 3.410504 3.494172
Figure 8 Concentration profiles for various values of Le.
Figure 9 Velocity profiles for various values of Nb.
Figure 10 Temperature profiles for various values of Nb.
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In Fig. 9 the force of Nb on the non-dimensional nanofluid
velocity has revealed. It is observed that velocity of nanofluid
increases with the increased value of Nb. So the boundary layer
wideness amplifies with the escalation in Nb and the boundary
layer wideness asymptotically leans to zero. Fig. 10 parades the
dissimilarity in the dimensionless temperature with g for someTable 4 Effect of Le on Cf , Nur, Shr.
Le Cf Nur Shr
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
5 1.370805 1.213316 12.98011 2.18932 3.058113 28.40952 0.136375 0.332827 59.0252
6 1.370805 1.212121 13.09147 2.090997 2.877239 27.32626 0.942593 1.177403 19.94301
7 1.370805 1.211299 13.16816 2.012982 2.731993 26.31818 1.690783 1.958337 13.66231
8 1.370805 1.210732 13.22115 1.949426 2.612586 25.38328 2.397125 2.692839 10.98152
9 1.370805 1.210344 13.25752 1.896552 2.512547 24.51676 3.072123 3.392266 9.437436
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Figure 11 Concentration profiles for various values of Nb. Figure 12 Velocity profiles for various values of Nt.
Figure 13 Temperature profiles for various values of Nt.
Steady nanofluid flow with variable fluid possessions 9values of Nb. The graph spectacles that the fluid temperature
develops with swelling values of Nb as the Brownian motion
increases the thickness of the thermal boundary layer. The
weight of Nb on the nanoparticle thickness in the liquid is
exemplified in Fig. 11. It has been comprehended that Nb
has twin influence on nanoparticle concentration for smaller
values of Nb, as nanoparticle concentration increases near
the wall (g< 0.5, not precisely determined) and stretches its
utmost quantity and then it commences declining and inclines
to zero asymptotically. Simultaneously, for higher values of Nb
that nanoparticle thickness declines uniformly with the ampli-
fied value of Nb. Table 5 predicts the influence of Nb on Cf ,
Nur and Shr. An upsurge in the values of Nb results in the
reduction of Nur and Cf (in absolute sense) on the surface
whereas an opposite effect can be observed for Shr. The error
in estimation of drag force ranges from 12.64% to 14.81%.
For thermal energy movement the error is gone up to
28.47% for Nb ¼ 0:10 and reduces to 9.35% for Nb ¼ 0:30.
Similar influence is observed in case of mass flow in the system.
The error is 35.12% for Nb ¼ 0:10 and 3.75% for Nb ¼ 0:30.Table 5 Effect of Nb on Cf , Nur, Shr.
Nb Cf Nur Shr
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
0.10 1.370805 1.216963 12.64145 2.308285 3.226910 28.46764 0.385309 0.593942 35.12684
0.15 1.370805 1.210732 13.22117 1.923948 2.566532 25.03709 1.587872 1.785561 11.0715
0.20 1.370805 1.204786 13.77999 1.590650 2.008535 20.80543 2.369348 2.543838 6.85932
0.25 1.370805 1.199178 14.31205 1.304639 1.546347 15.63088 2.800891 2.948164 4.995424
0.30 1.370805 1.193950 14.81266 1.061747 1.171287 9.352124 3.060312 3.179544 3.749968
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Figure 14 Concentration profiles for various values of Nt.
10 K. Das et al.4.5. Influence of thermophoresis factor Nt
In Fig. 12 the variation of dimensionless nanofluid velocity due
to the thermophoresis parameter Nt has been illustrated. It has
been observed that the nanofluid velocity is increased with the
increased value of Nt. For a fixed value of Nt, the velocity of
nanofluid decreases as g increases and tends to zero asymptot-
ically. Similar effect is observed in case of temperature distri-
bution as shown in Fig. 13. Thus nanofluid temperature
increases with the increased values of Nt and as a consequence
the thickness of boundary layer increases. It is happened as the
nanoparticles are driven away from the wall to the quiescent
nanofluid. In Fig. 14, the stimulus of thermophoresis parame-
ter Nt on the nanoparticle thickness is offered. One may per-
ceive from the figure that the thickness of nanoparticle in the
fluid enhances as the thermophoresis parameter Nt upsurges.
It is motivating to note that for a fixed value of Nt concentra-
tion nanoparticle increases and reaches to its highest value
near the wall of the plate. Then it decreases and tends to zero
asymptotically. This phenomenon occurs as nanoparticles areTable 6 Effect of Nt on Cf , Nur, Shr.
Nt Cf Nur
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
Constant
fluid
property
Varia
fluid
prope
0.00 1.370805 1.237158 10.80278 3.331457 4.761
0.05 1.370805 1.231911 11.27465 3.035722 4.314
0.10 1.370805 1.226777 11.74033 2.767866 3.912
0.15 1.370805 1.221786 12.1968 2.526044 3.550
0.20 1.370805 1.216963 12.64145 2.350008 3.226
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Finally, Table 6 clarifies the impression of thermophoresis fac-
tor Nt on Cf , Nur and Shr. It may be pronounced from the
table that Cf (absolute value) decreases with the increase of
Nt but the influence is trivial. Then again consequence of Nt
on Nur and Shr is conspicuous and diminishes with growth
in the values of Nt. While treating fluid assets independent
of external factors, we consume almost 10.8–12.64% error in
drag force calculation, 27.17–30.02% error in thermal energy
movement in the flow and from 0.95% error for Nt ¼ 0:0 up
to 88.07% error for Nt ¼ 0:2 is measuring the mass movement.
5. Conclusions
A theoretical prototype of stable boundary layer nanofluid
flow with capricious fluid belongings over a permeable elongat-
ing sheet is inspected. The governing equations are abridged to
a suit of nonlinear ordinary differential equations using Lie
group alteration. In this work symbolic software MAPLE 17
is exercised to reconnoiter the problem numerically. After
exploring and analyzing the results we come to the following
conclusions:
 Variable viscosity parameter raises the fluid velocity within
the boundary layer section and the weight is protruding for
nanofluid than for conventional fluid.
 Temperature of nanofluid decreases near the wall of the
plate due to the variable viscosity parameter but the effect
is contrary for regular fluid.
 The concentration of nanofluid escalates sharply with grow-
ing in the values of thermal conductivity factor near the
boundary surface of the plate.
 Nanofluid movement and temperature escalate in atten-
dance of Brownian motion influence but reverse effect
occurs for thickness of nanoparticles in nanofluid.
 Due to the influence of thermophoresis, the nanofluid veloc-
ity, temperature as well as concentration escalate within the
boundary layer region.
Our study will be useful in the polymer industry, metallurgy
industry, chemical industry, etc. due to the variable fluid prop-
erties of nanofluid. It is hoped that the present study will serve
as a stepping stone toward more beneficial industrial
production.Shr
ble
rty
Error in
calculation
(%)
Constant
fluid
property
Variable
fluid
property
Error in
calculation
(%)
079 30.02727 3.452144 3.419508 0.954394
940 29.64626 2.229950 2.259963 1.328025
406 29.25411 1.259724 1.352039 6.827819
743 28.85871 0.50260 0.655180 23.28771
910 27.17466 0.026836 0.225103 88.07837
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